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FLT-4 (fms-like Tyrosine kinase), FLT-15, variants thereof used as growth 
factor inhibitors 

Field of the Invention 

This invention relates to substances which inhibit growth factors, in panicular, vascular 
endothelial growth factor (VEGF), methods of inhibiting growth factors and of treating 
tumours and regulating fertility. 

Background of the Invention 

A considerable number of human growth factors are now known, many of which have 
been at least partly characterised. Among tiiem is vascular endothelial growth factor 
(VEGF), which has been identified in several tissues (Gospodarowicz et aL^ 1989 PNAS 
56, 7311-7315; Conn et aL, 1990 PNAS S7, 2628-2632; Tischer et aL, 1991 J* Biol. 
Chem. 266, 11947-11954). As its name suggests, this growth factor is a highly specific 
mitogen for endothelial cells and is greatly involved in angiogenesis. VEGF is a 
homodimeric glycoprotein of two 23kDa subimits exhibiting sequence homology with 
platelet-derived growth factor A and B chains and placenta growth factor. 

The homologous tyrosine kinase receptors fins-like tyrosine kinase receptor (FLT) and 
kinase insen domain-containing receptor (KDR) function as high-affinity VEGF receptors 
(de Vries et aL, 1992 Science 255, 989-991; Teraian et aL, 1992 Biochem. Biophys. Res. 
Commun. 187, 1579-1586). Both FLT and KDR are membrane-spanning receptors that 
each contain seven immimoglobulin-like domains in the extracellular ligand-binding region, 
an intracellular tyrosine kinase domain and a transmembrane domain. The transmembrane 
domain serves to anchor the receptor in the cell membrane of the cells in which it is 
expressed. 

A number of membrane-bound receptor molecules have been found to exist in truncated 
soluble forms, generated either by proteolytic processing or by alternative splicing of 
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mRNA. Recently, Kendall & Thomas (1993 PNAS 90, 10,705-10,709, and W094/21679) 
described the discovery of a soluble form of FLT receptor (sFLT) generated by alternative 
splicing. 

Essentially, Kendall & Thomas screened a human umbilical vein endothelial cell (HUVEC) 
cDNA library with one probe specific for the 3' end of the fit coding region (encoding the 
mtracellular tyrosine kinase domain) and with another probe specific for the 5' fit coding 
ponion (encoding one of the extracellular N terminal domains). Clones which hybridised 
with the 5' specific probe but not with the 3' specific probe were selected for further 
study. In this way, a clone was isolated which encoded a soluble FLT polypeptide lacking 
the transmembrane domain and the intracellular don^in. The truncation resulted from 
"readthrough" to an intronic termination codon. It was suggested by Kendall &, Thomas 
that the soluble receptor could act as an efficient specific antagonist of VEGF in vivo. 

The present invention is based on the discovery of further soluble variants of FLT, the 
existence of which was not predicted by the teaching of Kendall & Thomas. 

Summary of the Invention 

In a first aspect the invention provides an altered, soluble form of the FLT polypeptide 
being capable of binding to VEGF and thereby exerting an inhibitory effect thereon, the 
polypeptide comprising five or fewer complete immunoglobulin-like domains. Preferably, 
the altered FLT polypeptide comprises four or fewer complete Ig-like domains. The 
altered soluble FLT polypeptide inhibits VEGF by preventing it binding to its natural 
receptors, fit and KDR, present on the surface of target cells. Surprisingly, such truncated 
forms, lacking a major extracellular ponion of the molecule, are believed to retain affinity 



The term "soluble" as used herein is intended to refer to altered forms of the FLT 
polypeptide which do not comprise a transmembrane domain and thus generally do not 
become associated with the cell membrane of cells in which the molecule is expressed. 
In panicular. the invention provides soluble altered forms of the FLT polypeptide 



for VEGF. 
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3 

consisting substantially of four or five complete immunoglobulin-like domains. 

In a panicular embodiment the invention provides an altered, soluble form of FLT having 
at its C-terminus a region substantially having the amino acid sequence of the sequences 
termed FLT4 or FLT15 shown in Figure 5. or a functional equivalent thereof. The term 
"functional equivalent" as used above is mtended to include those polypeptides which have 
substantially the same deletions as the polypeptides encoded by FLT4 or FLT15 (with 
respect to the unaltered fiill length FLT molecule), but which may also have other 
deletions, additions or substitutions, (m particular conservative substitutions), and which 
retain an inhibitory effect for VEGF. 

Preferably the polypeptide will also comprise, at its N-terminus, the amino acid sequence 
substantially corresponding to the equivalent ponion of the unaltered wild-type FLT 
polypeptide. Conveniently, polypeptides in accordance with the invention will comprise 
around 400 to 500 amino acid residues, preferably aroimd 480 amino acid residues, most 
preferably between 480 and 440 amino acid residues of the wild type FLT sequence. 
Preferably the polypeptides of the invention arise by alternative splicing of mRNA or by 
proteolytic processing of a manire polypeptide, although it will be apparent to those skilled 
m the art that the polypeptide could be encoded by a nucleic acid derived, at least in part, 
by recombinant DNA technology. 

In a further aspect the invention provides a nucleic acid sequence encoding a polypeptide 
in accordance with the invention. In a particular embodiment the invention provides a 
nucleic acid comprising the sequence of nucleotides inserted at position 1655 of the FLT 
4 sequence shown in Figure 3 or the sequence of nucleotides inserted at position 1555 of 
tiie FLT 15 sequence shown in Figure 3, or a functional equivalent tiiereof. Examples of 
functionally equivalent nucleic acids include those sequences which encode substantially 
die same polypeptide as tiiose encoded by FLT4 or FLT15 but which differ in nucleotide 
sequence as a result of the degeneracy of the genetic code. It will be apparent to those 
skilled in the art that the portion of the inserted nucleotide sequence in FLT4 and FLT15 
occurring after the premamre termination codon could be omitted without affecting the 
characteristics of the encoded polypeptide. Accordingly, nucleic acid molecules without 
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such sequences are also regarded as functionally equivalent for the purposes of the present 
invention. 

Conveniently, the nucleic acid will substantially comprise the nucleotide sequence of FLT4 
or FLT15 shown in Figure 3, together with the nucleotide sequence encoding the N- 
terminus of unaltered, wild-type FLT. Advantageously, the nucleic acid will be obtainable 
by means of PCR amplification from a sample of human cells. Desirably, the nucleic acid 
will be obtainable by means of PCR using primers intended to hybridise to non-conserved 
regions of the FLT molecule. Conveniently, the nucleic acid sequence will be obtainable 
by use of PCR primers designed to hybridise to the regions of the FLT sequence shown 
underlined in Figure 3, or immediately adjacent thereto. In panicular, the PCR primers 
will conveniently have substantially the sequence: 5'- GCAAGGTGTGACTTTGTTC -3* 
and 5*- AGGATTTCTTCCCCTGTGTA -3\ 

In another aspect, the invention provides a method of inhibiting VEGF in vitro^ 
comprising adding an effective amount of the polypeptide defined above. It may also be 
desirable to inhibit VEGF in a human subject. Thus the invention provides a method of 
inhibimg VEGF in a human subject, comprising administeriung an effective amount of the 
polypeptide defined above, together with a physioologcially acceptoble carrier substance. 
In particular, VEGF provides a mitogenic stimulus (particularly involved in angiogenesis), 
so inhibition of VEGF would be expected to provide therapeutic effects in the treatment 
of tumours or disorders involving inappropriate neovascularisation. 

In particular the invention provides for a method of treating tumours or diseases involving 
inappropriate neovascularisation, comprising administering an effective amoimt of the 
polypeptide defined above, together with a physiologically acceptable carrier substance. 
Suitable diseases which nught be amenable to treatment include ovarian cancer and ovarian 
hypersiimularion (Boocock et al., 1995 J. Nad. Cancer Inst. 87, 506-516). 

Furthermore, it has been conclusively demonstrated that FLT is expressed by trophoblasts 
and cells from ovarian and endometrial tissues (Chamock- Jones et al., 1994 Biology of 
Reproduction 57 , 524-530), which clearly suggests a role for VEGF in the growth and 
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differentiation of trophoblasts during implantation. 

Thus, in particular, the invention provides a method of affecting the growth and/or 
migration of trophoblasts, ovarian or endometrial cells by inhibiting the action of VEGF, 
comprising administering an effective amount of the polypeptide defined above, together 
with a physiologically acceptable carrier substance. 

It will be appreciated by those skilled in the art that the identification of FLT on the 
surface of trophoblasts and endometrial cells also provides a number of possible methods 
of regulating fertility. For example, the growth of trophoblasts is essential for successful 
implantation of the embryo. Inhibition of trophoblast growth thus provides a method of 
contraception or contragestion. 

Thus in a further aspect the invention provides a method of regulating the fertility of a 
human female, comprising administering an effective amount of the polypeptide defined 
above, together with a physiologically acceptable carrier substance. An "effective 
amount" of the polypeptide is an amoimt sufficient to substantially block the stimulus of 
VEGF on trophoblasts and/or endometrial cells. Typically, the method will result in 
reducing the fertility of the female. 

Moreover, it might be possible to identify agents which can enhance the effect of VEGF 
on trophoblasts, and thereby improve the probability of successful implantation, either in 
assisted or spontaneous cycles. Candidates for such VEGF-enhancing agents would 
include anti-sense equivalents of the nucleic acid sequences encoding the truncated FLT 
polypeptides of the invention. It will be apparent to those skilled in the an that these 
could be used to improve the fertility of a htmian female. 

In a further aspect the invention provides a pharmaceutical composition comprising the 
polypeptide defined above, together with a physiologically acceptable carrier substance. 
The composition could be used in vivo any one of the methods defined above. In yet 
another aspect the invention provides for the use of a polypeptide in accordance with the 
invention in the preparation of a therapeutic composition for the treatment of tumours and 
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diseases involving inappropriate neovascularisation. Examples of such conditions and 
diseases are detailed, inter alia, in WO94/10202 and W094/21679. The invention also 
includes within its scope a method of making a pharmaceutical compostion, comprising 
mixing the polypeptide defined above together with a physiologcially acceptable carrier 
substance. 

The invention will now be described by way of the following illustrative examples and 
with reference to the drawings, of which: 

Figure 1 shows an amino acid multiple alignment of closely related tyrosine kinase 
receptors (fit, fioM and kit, "kit" being another name for KDR); 

Figure 2 shows typical results of agarose gel electrophoresis demonstrating the existence 
of alternatively-spliced fit-coding sequences in various tissue samples; 

Figure 3 shows the nucleotide sequence of the 3' region of the sequences encoding fiill 
length VEGF receptors (FLT and the related receptor KDR), together with two sequences, 
FLT4 and FLT15, which encode polypeptides according to the invention; 

Figure 4 is a schematic representation of wild type and mutant FLT molecules; and 

Figure 5 shows the C terminal anodno acid sequences of two polypeptides in accordance 
with the invention. 

Example 

Expression of FLT, the VEGF receptor, was investigated in cell lines derived from human 
trophoblast-like and ovarian and endometrial carcinomas. The trophoblast-like 
(choriocarcinoma) cell line used was BeWo (obtained from the American Type Culture 
Collection, Rockville MD, USA). The endometrial carcinoma cell lines were Ishikawa 
(obtained from Professor M Nishide, University of Tsukuba, Japan), and HEC 1-A and 
HEC 1-B (from ATCC, USA). The ovarian cancer ceU lines were 7, 17R, 25, 25R and 
35. These were all shown to be of epithelial origin and had been established in culture 




# 
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for 10-30 passages. Cell lines 17R and 25R were derived after chemotherapy and 
subsequent relapse (line 25R originating from the same patient as line 25). 

BeWo cells were grown in Ham's F12, according to ATCC recommendations. 
Endometrial carcinoma lines were grown in McCoy's medium (ICN Flow Laboratories, 
Irvine, UK) with 10% foetal calf serum (ICN Flow) plus 2mM L-glutamine (ICN Flow) 
and 50U/ml and 50mg/ml penicillin/streptomycin (ICN Flow). 

It was decided to investigate expression of FLT in these cell lines and normal tissues by 
performing PCT and in situ hybridization. It was therefore necessary to construct suitable 
oligonucleotide primers and probes. 

To help design appropriate primers, a protein multiple alignment of closely related 
tyrosine kinase receptors (FLT, FMS and KIT) was constructed (shown in Figure 1) using 
the computer program "pileup" . This revealed regions of divergent sequence among this 
family of receptors. The regions chosen for primer design are shown with double 
imderlining in Figure 1 . The following nested PCR primers were then synthesized based 
on these protein sequences: 

A) 5' GCAAGGTGTGACTTTTGTTC 3' 

B) 5 ' GCGCTC GAGAGCATCACTCAG 3 ' 

C) 5' GCGCG GCCGCAGTAAAATCCA 3' 

D) 5' AGGATTTCTTCCCCTGTGTA 3' 

The underlined ponions of these oligonucleotides are the regions which hybridise to the 
fit cDNA sequence. The other nucleotides were added to facilitate directional cloning. 
The cycles used were: first round with primers A and D [95°C 30 seconds, 55°C 30 
seconds, 72**C 30 seconds] x 25; second round with primers B and C: [95°C 30 seconds, 
44 ''C 30 seconds, 72°C 30 seconds] x 2 [95**C 30 seconds, 65''C 30 seconds, 72*'C 30 
seconds] x 25. The internal primers B and C had sites for the restriction enzymes Xho 
I and Eag I respectively at their 5' ends to permit directional cloning of the products. 
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It was found that certain tissues gave rise to PCR amplification products of notably larger 
size (as judged by agarose gel electrophoresis) than observed for the full length FLT 
cDNA product. Typical results are shown in Figure 2. 

PCR products obtained using the nested set of primers A-D were run out on a gel. Lanes 
1-3 are products obtained from primary tissue samples of the ovarian carcinomas 
designated 17, 17R and 25R. Lanes 4 to 7 are products obtained from cell lines 
established from the ovarian carcinomas 7, 17R, 25 and 25R. Lanes 8 to 10 are the cell 
lines HEC 1-A, HEC 1-B and Ishikawa respectively. Lane 11 contains products from 



The standard size band was of the expected size (around 285bp) and was found to be 
identical to the 3* end of the published fit sequence (Shibuya et aL, 1990 Oncogene J, 
519-524). However it can be clearly seen that in addition to the full length fit cDNA 
PCR-amplified product, in lanes 2 (17R, primary tissue) and 4 (7, cell line) are larger 
bands of approximately 360bp. A faint band of similar size was also apparent in lane 5 
(17R, cell line) but is not clearly seen when the gel photograph is reproduced. These 
larger bands were extracted from the gel by known techniques and subcloned into the 
plasmid vector pBIuescript U KS and then subjected to sequence analysis using the 
dideoxynucleotide sequencing method (Sanger et al., 1977 PNAS 7i. 5463-5467). 

Sequencing of five independent clones (Boocock et al., 1995 J. Natl. Cancer Inst. 87, 506- 
516) revealed that each contained one of two novel insertions within the published fit 
sequence, in the region between the primers. Three of these clones (termed FLT5, FLT15 
and FLT16) contained an 85bp insertion at about position 1555, whilst two other clones 
(FLT13 & FLT14) contained a 65bp insertion at about position 1665 (see Figure 3, 
numbering based on that of Shibuya et aL^ 1990 cited above). The insertions account for 
the larger band size of the PC!R products. However, both insertions contain an in-frame 
termination codon, so that corresponding fiill length RNAs would encode soluble, 
truncated receptor variants comprising the first five immunoglobulin-like domains of the 
extracellular region, up to amino acid 517 or 553, with either 24 or 14 (of which 13 are 
additional) unrelated amino acids at the C-terminus. 



HUVECs. 
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Although these variant fit clones were derived from panial cDNAs encoding only amino 
acids 503 onward, PGR products of the sizes predicted for corresponding fall lengdi 
cDNAs were amplified from cDNA derived from HUVEC cells, human chorion and 
ovarian carcinoma cell line 7, using primers specific for each of the novel insenions 
together with a primer binding just 5' of the initiating ATG (data not shown). 

Figure 4 is a schematic representation of various FLT receptor molecules. At the top, (a) 
shows the wild type, fall length FLT receptor molecule, (b) represents the truncated 
version described by Kendall & Thomas, (c) represents the polypeptide encoded by FLT4 
and (d) represents the polypeptide encoded by FLT15. The numerals at the right show 
the number of amino acids in the molecule and numerals in the boxes represent the 
number of amino acids present in the sFLT variants but not in the wild type molecule. 

Figure 5 shows the predicted C terminal amino acid sequence of the polypeptides which 
would be encoded by "faU length" FLT4 and FLT15 clones (i.e. clones which contained 
all the nucleotide sequence 5' of the primer site used to generate the actual clones). The 
last 14 amino acids of the FLT4 clone, and the last 24 amino acids of the FLT15 clone, 
are divergent from the wild type FLT sequence. 




• 
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Claims 



1 . An altered, soluble form of the FLT polypeptide being capable of binding to VEGF 
and thereby exerting an inhibitory effect thereon, the polypeptide comprising five or fewer 
complete inmiunoglobulin-like domains. 

2. A polypeptide according to claim 1, comprising four or fewer complete 
immunoglobulin-like domains. 

3. A polypeptide according to claim 1 or 2, having at its C tennmus substantially the 
anwno acid sequence of FLT4 as shown in Figure 5, or a functional equivalent thereof. 

4. A polypeptide according to claim 1 or 2, having at its C terminus substantially the 
amino acid sequence of FLT15 as shown in Figure 5, or a functional equivalent thereof. 

5. A polypeptide according to any one of the preceding claims, comprising around 400 
to 500 amino acid residues of the wild type FLT polypeptide. 

6. A nucleic acid sequence encoding a polypeptide in accordance with any one of the 
preceding claims. 

7. A nucleic acid sequence according to claim 6, comprising the sequence of the 
nucleotides inserted at position 1655 of the FLT4 sequence shown in Figure 3, or a 
functional equivalent thereof. 

8. A nucleic acid sequence according to claim 6, comprising the sequence of the 
nucleotides insened at position 1555 of the FLT15 sequence shown in Figure 3, or a 
functional equivalent thereof. 



9. A method of inhibiting VEGF in vitro, comprising adding an effective amount of a 
polypeptide in accordance with any one of claims 1 to 5. 
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10. A method of inhibiting VEGF in a human subject, comprising administering an 
effective amount of a polypeptide in accordance with any one of claims 1 to 5, together 
with a physiologically acceptable carrier substance. 

11. A method according to claim 10, comprising the use of a polypeptide in accordance 
with any one of claims 1 to S in the treatment of tumours or diseases involving 
inappropriate neovascularisation. 

12. A method according to claim 11, for the treatment of ovarian cancer, ovarian 
hyperstimulation, or endometriosis. 

13. A method of affecting the growth and/or migration of trophoblasts, ovarian or 
endometrial cells by inhibiting the action of VEGF by administration of an effective 
amount of a polypeptide in accordance with any one of claims 1 to 5, together with a 
physiologically acceptable carrier substance. 

14. A method of regulating the fertility of a human female by administration of an 
effective amount of a polypeptide in accordance with any one of claims 1 to 5, together 
with a physiologically acceptable carrier substance. 

15. A pharmaceutical composition for use in the method of any one of claims 11 to 14, 
comprising a polypeptide in accordance with any one of claims 1 to 5, and a 
physiologically acceptable carrier substance. 



16. A method of making a composition according to claim 15, comprising mixing a 
physiologically acceptable carrier substance together with a polypeptide according to any 
one of claims 1 to 5. 



M 
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1 50 
kit MEO^RGAWDF LCVT.T.T.T.TRV QTGSSQPSVS PGEPSPPSIH PGKSDLIVRV 

fn^S M GEGVIiLLLV. ATAWH3QGIP VIEPSVP ELWKP 

fit MVSYWDTGVL TrAT.T>SrT,T.T. TGSSSGSKLK DPELSLKG TOHIMQA. 

51 100 

kit a)EIRLLCID PGFVKW TFEILD EINENKQ NEWITE 

fms GATVTLBCVG NGSVESOGP. ASPHWT LYSDGSS SILSTN 

fit GQTIiJLQCRG EAAHEWSLPE MVSKESERLS ITKSAOSBNG KCyCSTLTIN 

101 150 

kit KAEATOTGKY TC T... NICHGLSNSIY VFVRDPAKLF LVDRS 

fms NA.TFQNTGTY RC TEPG DPLGGSAAIH LYVKDPARPW NVLAQE 

fit TAQANHTGFY SCKYIAVPTS KKKETESAIY IFISDTGRPF YEMYSEIPEI 

151 200 
kit LYGKEDNDTL VRCPLTDPEV .TNYSLKGCQ GKPLPKD.LR FIPDPKAGIM 
fms WVFEDQDAL LPCLLTDPVL EAGVSLVRVR GRPIMRH.TN YSFSPWHGFT 
fit IHMTEGRELV IPCRVTSPNI . .TVTLKKFP LDTLIPDGKR IIWDSRKGFI 

201 250 
kit IKSVKRAYHR DCLHCSVDQE GKSVLSEKFI LKVRPAFKAV PWSVSKASY 
fm IHE^AK.FIQS QDYQCSAIM3 GE^KVMSISIR LKVQKVIPGP PALTLVPAEL 
fit ISNAT.YKEI GLLTCEATVN GHLYKTNYLT HRQTNTIIDV QISTPRPVKL 

251 300 
.kit LLPEGEEFTV TCTI.KDVSS SVYSTOKREN SQTKLQEK. . ..YNSWHHGD 
fms V"RIRGEAAQI VCSA.SSVDV NFDVEUW ..TKLAIP.. . .QQSDFHNN 
fit L. .RGHTLVL NCTATTPINT RVQMIWSYPD EKNKRASVBR RIDQSNSHftN 



301 

kit FNYERQATLT ISSARVtOSG 
fms .RYQKVLTIi>I LDQVDFCSiftG 
fit IFYS. . .VLT IDKM3«IKDKG 

351 

kit FPMINTTVFV NDGENVDLIV 
fms SSEQNLIQEV TVGEXSLNLKV 
fit HRKQQVLETV AGKE^YRLSM 

401 

kit ENESN IRYVSELHL 

fms PKLANATTKD TYRHTFTLSL 
fit GLPATEKSAR YLTRGYSLII 



350 

VF^«:YA^JNTF gsanvtttle wdkgfini. 

NYSCVASNVQ GKHSTSMFFR WESAYLNL. 
LYTCRVRSG? SFKSVNTSVH lYDKAFITVK 

400 

EYEAEPKPEH QQWIYMSIRTF TDKWEDYPKS 

MVEAYPGLQG FNWTY LGPFSDHQPE 

KVKAFPSPEV V WLKD 

• 450 

TRIJOGTEQGT YTFLVS..NS DVNAAIAFNV 
PRLKPSEAGR YSFIAR. .NP GGWBALTFEL 
KDVTEEDAGN YTILLSIKQS NVFKNLTATL 



Fig. 1 

SUBSTITUTE SHEET (RULE 26) 



Sheet 1 
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451 500 

kit YVNTKPEI.. LTYDRL VN. .Q^L QCVAAGHPEP TIDWYFCPGT 

fms TLRYPPEV. . SVIWIF . . .INSSGTL liCAASGYPQP NVTOLQCSGK 

fit IVNVKPQIYE KAVSSEPDPA LYPLGSRQIL TCTAYGIPQP TIKWFWHPCN 

501 550 

kit EQEC 

fms TDRCD 

fit HNHSE ARCDF CS NNEESFIL DADSNWa^ ESITORMMI EGKNKMASTL 



551 600 

kit SASV 

ftns EAQV 

fit W?^SRISGI YICIASNKVG TVC3«tISFyi TDVPNGFHVN LEKMPTEX3ED 

601 650 

kit LPV. .DVQTL NSS(3»PF GEa,WQSS 

fms LQVWDDPYPE VLS^SPF HKVTVQSL 

fit liOSCTVNKF LYRDVTWILL RTVNNiCTMHy SISKQKMMT KEHSITLNLT 



651 700 

kit IDSSAFKHNG TVECKA2ft©V G 

fms LTVETLEHNQ TYECBAHNSV G 

fit ItWSlWSG TYftCRftBN VY TGEEIL QKKE ITIRDQEAPY LLBNLSDHTV . 



701 750 

kit . .KTSAYF^F A FKGNNKEQ IHPHTITTP 

fms ..SGSWRF.I P ..ISAGAHTH PPDEFLFTP 

fit AISSSTTLDC HANGVPEPQI TWFKNNHKIQ QEPGIILGPG SSTLFIERVT 

751 800 

kit : LLi GFVIVTySM: 

fms ; WV ACMSIM7UXL 

fit EEDEGVYHCK ATNQKGSVES SAYLTVQGTS DKSNLELITL TCTCVAATLF 

801 850 
kit IIVMILTYKY LQFvPMiEVQW KWEEINGNN YVYID..PTQ IPYDH.KWEF 
fms LLLLLLLYKY KQKPKYQVRW KIIESYBGNS YTFID. .PTQ LPY^E.KWEF 
fit WLLLTLLIRK MKRSSSEIKT DYLSIIM)PD EVPLDEQCER LPYDASKWEF 

851 900 
kit PFNRLSFGKT LGAGAEX3CW EATAYGLIKS DAAMTVAVKM LKPSAHLTER 
fms PRNNLQFGKT LGAGAFGKW EATAFGLGKE DAVLKVAVKM LKSTAHADEK 
fit AI€RLKLGKS LGRGAFGKW QASAFGIKKS PTCRTVAVKM LKEGATT^EY 
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901 950 
kit EALMSELKVL SYLQ^WMNIV NLLGACT.IG GPTLVIIEYC CYGDLU^ETR 
fms EALMSELKIM SHLQ^IENIV NLLGACT.HG GPVLVITEYC CYGDLLNFLR 
fit KALWTELKIL THIOffllMW NLLGRCTKQG GPIMVIVEYC KYGNLSNYLK 

951 lOOC 

kit RKRDSFI C. , .SKQE DHMAALYKN L LHS KESSCSDSTN 

fms RKAEAML GPSLSPGQ DPBGGVDYKN IHLEKKYVBR DSGFSSQGVD 

fit SKRDLFFIMC DAALHMEPKK EKMEPGLEQG KKPRLDSVTS SESFASSGFQ 

1001 1050 
kit EYMDMKPGVS YWPTKADKR RSVRIGSYIE F©VTPAIMED DELALDLEDL 

fms TYVEMI^ VSTSSN .DSFSE QDLD KE DGRPLELRDL 

fit EDKSL SDVEE EEDSDGFYKE . . .PITMEDL 

1051 1100 
kit LSFSYQVT^G MAFIA5KNCI HRDLAARNIL LTHGRITKIC DFGLARDIKN 
fms LHFSSQV?OG MAFLASKNCI HRDVAAFNVL LTO2HV2\KIG DFGLARDII^ 
fit ISYSFQVARG MEFLSSRKCI HE®IAAFNIL LSENrWVKIC DFGLARDIYK 



1101 1150 
kit DSNYWKGNA. RIPVKVWKPE SIFNCVYTFE SDVWSYGIFL WELFSLGSSP 
fms DSNYIVWaiA RLPVKWMAPE SIFDCVYTVQ SDVWSYGILL WEIFSLC3J>1P 
fie NPDYVRKGDT RLPLKWMftPE SIFDKIYSTK SDVWSYGVLL WEIFSLGGSP 

1151 1200 
kit YPQIPVDSKF YKMIKEGFRM LSPEHAPAEM YDIMKTCWDA DPLKRPTFKQ 
fms YPGILVNSKF YKLVKDGY©! AQPAEAPKNI YSIMQACWRL EPTHRPTFQQ 
fit YPGVQMaEIC CSRLREX24BM RAPEYSTPEI YQIMIDCWHR DPKEBPRFAE 

1201 1250 

kit IV QLIE KQISES.INH I... Y SNLANCSPNR QKPWDHSVR 

fms IC SFLQ EQAIXDRRER D Y TNLPSSSRS GGSGS 

fit LVEKLGDLLQ ANVQaOGKDY IPINMLTGN SGFTYSTPAF SEDFFKESIS 

1251 1300 

kit INSVGSTASS SQP L LVHDDV 

fms SSSELEEESS SEH L TCCEQGDIAQ PLLQPNNYQF C 

fit APKFNSGSSD DVRYVNAFKF bCLEKEKTFE ELLPNATSMF DDYQGDSSTL 

1301 1350 

kit 

fms 

fit LASPMLKRFT WTDSKPKASL KIDLEWTSKS KESGLSDVSR PSFCHSSCGi 

1351 1389 

kit 

fms 

fit VSEGKE^RFTY DHAELERKIA CCSPPPDYNS WLYSTPPI 
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1410 

KDR AGAGTGCGCC AACGAGCCCA GCCAAGCTGT CTCAGTGACA AACCCATACC 
FLT ACCCCTGTAA CCATAACATT CCGA AGCAAO nTCTaAOTTT TCTTC CAATA 

1460 

KDR CTTGTGAAGA ATGGA GAAGT GTGGAGGACT TCCAGGGAGG AAATAAAATT 
FLT ATGAAGAGTC CTTTATCCTG GATGCTGACA GCAACATGGG AAACAGAATT 

1510 

KDR GAAGTTAATA AAAATCAATT TGCTCTAATT GAAGGAAAAA ACAAA 

GAGAGCATCA rrrAOrarzirp GGCAATAATA GAAGGAAAGA ataag----- 

FLT4 GAaAnraTCA rTPAarrtranri GGCAATAATA GAAGGAAAGA ATAAG 

FLT15 GAGAfirATCA (rrrj^nrrtrn'V GGCAATAATA GAAGGAAAGA ATAAGCTTCC 

KDR - - 

FLT - - 

FLT4 

FLT15 ACCAGCTGAC AGTTCTTTCA TGTTGCCACC TACAAGCTTC TCTTCCAACT 

1555 

- - CTGTAAGTAC CCTTGTTATC 

ATGGCTAGCA CCTTGGTTGT 

FLT4 ATGGCTAGCA CCTTGGTTGT 

FLT15 ACTTCCATTT CCTTCCGTGA CTCTAAACGG ATGGCTAGCA CCTTGGTTGT 

1575 

KDR CAAGCGGCAA ATGTGTCAGC TTTGTACAAA TGTGAAGCGG TCAACAAAGT 
FLT GGCTGACTCT AGAATTTCTG GAATCTACAT TTGCATAGCT TCCAATAAAG 
FLT4 GGCTGACTCT AGAATTTCTG GAATCTACAT TTGCATAGCT TCCAATAAAG 
FLTi5 GGCTGACTCT AGAATTTCTG GAATCTACAT TTGCATAGCT TCCAATAAAG 

1625 

KDR CGGGAGAGGA GAGAGGGTGA TCTCCTTCCA CGTGACCAGG 

FLT TTGGGACTGT GGGAAGAAAC ATAAGCTTTT ATATCACAGA 

FLT4 TTGGGACTGT GGGAAGAAAC ATAAGCTTTT ATATCACAGA ATTGTCAAAC 
FLT15 TTGGGACTGT GGGAAGAAAC ATAAGCTTTT ATATCACAGA 

KDR 

FLT 

FLT4 TTTGAGTGCC TTCATCCTTG CTCTCAGGAA TAGAACTCTA CCTCATCGGA 
FLT15 - 
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KDR 
FLT 
FLT4 
FLT15 



KDR 
FLT 



FLT4 
FLT15 



KDR 
FLT 
FLT4 
FLT15 



FLT 



FLT 



FLT 



GGTCC T- - -GAAATT ACTTTGCAAC CTGACATGCA GCCCACTGAG 

TCTCC CAAATGGGTT TCATGTTAAC TTGGAAAAAA TGCCGACGGA 

TCTCA1X3TGC CAAATGGGTT TCATGTTAAC TTGGAAAAAA TGCCGACGGA 
TCTX3C CAAATGGGTT TCATGTTAAC TTGGAAAAAA TGCCGACGGA 

1710 

CAGGAGAGCG TGTCTTTGTG GTGCACTGCA GACAGATCTA CGTTTGAGAA 
AGGASAGQAC CTGAAACTGT CITGCACAGT TAACAAGTTC TTATACAGAG 



AGGAGAGGAC CTGAAACTGT CTTGCACAGT TAACAAGTTC TTATACAGAG 
A6GAGA0GAC CTGAAACTGT CTTGCACAGT TAACAAGTTC TTATACAGAG 

17 60 

CCTCACATGG TACAAGCTTG GCCCACAGCC TCTGCCAATC CATGTGGGAG 
afy^TTarTTVt f^ATTTTArTV; rffl^ACAGTTA ATAACAGAAC AATGCACTAC 
AryiTTACT TY; qattttaptp; tgc? 
ACGTTACTTTr gATTTTftCTTi CGG 



AGTATTAGCA AGCAAAAAAT GGCCATCACT AAGGAGCACT CCATCACTCT 



TAATCTTACC ATCATGAATG TTTCCCTGCA AGA1TCAGGC ACCTATGCCT 



GCAGAGCCAG riA nrryirraT^^r aPAryyyiAar! AAATCCTCCA GAAGAAAGAA 
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1 



FLT4 

1 ESITQRMAn EGKNKMASTL WADSRISGI YICIASNKVG TVGRNISFYI 
51 TELSNFECLH PCSQE* 



FLT15 

1 ESITQRMAn EGKNKLPPAD SSFMLPPTSF SSNYFHFLP* 
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